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A vast amount of work by Sydenstricker and others, on the effect of
environment on health in the United States, has followed the earlier work
of Gottwald, Rene Sand, Newsholme, and Ramazini along similar lines in
Europe. Correlation of morbidity and mortality rates for human disease
with the socio-economic conditions of the group involved is both an im-
portant and an extremely complex problem. This type of study is a part
of the broader field of endeavor which has been variously termed com-
prehensive medicine, the social pathology of disease, and the ecology of
human disease.8 An outstanding proponent of this concept has been the
late Dr. John A. Ryle, Director of the Institute of Social Medicine at
Oxford University.
Computing morbidity or mortality trends for certain ecological areas
within a community usually necessitates a new appraisal of the true socio-
economic divisions since old conceptions of dividing lines based on artificial
boundaries or political wards, or casual observation of the "good" and
"bad" districts cannot be relied upon to give an accurate picture of the
community. Fortunately, in New Haven, Connecticut, the site of this study,
Davie' had made a thorough and extensive socio-economic study based on
information collected during the years 1933-1935. This survey was much
more than a study of economic levels in that it was related to family income,
race, delinquency, and dependency, as well as inclusion in the Social
Register, Who's Who, and membership in the local Graduate Club. Sheps
and Watkins8 combined the 25 small subdivisions which Davie outlined
into three major areas for a mortality study of the city during the years
1930-1934. Major area 1, the uppermost stratum, comprised the two best
residential sections containing a large proportion of the "notables" in the
city listed in the Social Register, Who's Who, and the local Graduate Club
roster. The family heads were principally business executives, professional
persons, dealers, proprietors, and office workers. Single family dwellings
of relatively high evaluation and two-family houses predominated. The
family income ranged upwards from a low of between $1,500 and $3,000
* From the Section of Preventive Medicine, Yale University School of Medicine.
Supported by a grant from the Life Insurance Medical Research Fund.
t Present address: Department of Preventive Medicine, University of Wisconsin
School of Medicine, Madison, Wisconsin.
Received for publication June 9, 1951.YALE JOURNAL OF BIOLOGY AND MEDICINE
per year, with a considerable portion above $3,000. The majority of family
heads were native-born. There was no delinquency and practically no
problem of dependency. Mlajor area 2 was composed of three middle strata.
These areas were predominantly residential but contained some business,
industrial, and commercial activity. Artisans, office workers, and laborers
predominated as family heads. Two-family houses were the rule. Family
incomes ranged from a few which were above $1,500 to the majority below
$1,500 annually. From one-third to one-half of the family heads were
foreign-born. Delinquency and dependency were generally below expectancy.
Major area 3 was made up of two "blighted" and slum areas with com-
merce and industry scattered throughout. Housing in one area was gener-
ally below desirable and healthful standards, when measured by physical
characteristics, and in the other area consisted of crowded two, three,
and multi-family units of the poorest quality. Over eighty per cent of
family incomes were below $1,500 yearly and a significant proportion was
below $1,000. Predominant occupations of family heads were artisans or
laborers. These areas contained the highest proportions of foreign-born
family heads. Delinquency and dependency rates were very high. This area
contained the Negro neighborhood. By detailed work on population figures,
oftentimes necessitating house-by-house and block-by-block analysis of the
number living in dwelling units, they calculated population figures for the
major areas.8 Using the basic data of Sheps and Watkins, an attempt has
been made in this study to determine any changes in the death rates (due
to rheumatic heart disease) which occurred in each of the three major
ecological areas for the periods 1920-1929, 1930-1939, and 1940-1948.
The total population of the city of New Haven has not changed much
since 1920 but the relative age groups have changed in a manner similar
to that for the United States as a whole; i.e., the per cent of population in
the younger age groups including the first three decades is diminishing,
whereas the per cent in the older age groups-5th, 6th, 7th, and 8th decades
-is increasing. In regard to the population in the ecological areas, it would
be highly desirable to know the exact population for each area for each
year of the study, but this information was available only for the years
1933-1935. It was the opinion of Davie that there have been a number of
local changes in the distribution of population and character of areas since
his ecological study was made in 1933-1935, but if the three major areas
of Sheps and Watkins were used in the present study, the over-all picture
concerning distribution of population would not have changed significantly.'
Concerning housing conditions in New Haven, there have been no actual
field surveys since the 1920's. But according to Dr. C.-E. A. Winslow9
"The only change which has taken place in the city itself is the erection of
1,600 units of low-rent and moderate-rent housing. This, of course, has
improved the situation to some extent. About half of these units were built
on vacant land and the other half represent substantial clearance of two
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of the worst areas in the city. Beyond this it is doubtful if any substantial
changes have occurred."
METHODS
The total number of deaths due to rheumatic heart disease in New Haven from
1920-1948 was determined after careful study of each death certificate located in the
Office of Vital Statistics for the City of New Haven.* Deaths attributed to rheumatic
heart disease or one of its complications were listed under the nine categories below:
1. Rheumatic heart disease with heart failure, 25 years of age and over.
2. Acute rheumatic heart disease with heart failure occurring in the age period
2 to 25 years.t
3. Rheumatic heart disease plus bacterial endocarditis where the latter was the
immediate cause of death.
TABLE 1
POPULATION DATA FOR NEW HAVEN, CONNECTICUT
1920, 1930, 1940, AND 1950
Year Total Population 2-24 years** Over 24 years
1950 163,344 61,053 95,968
1940 160,605 60,162 96,739
1930 162,655 69,316 88,521
1920 162,537 69,176 86,327
Source: 14th, 15th, and 16th Census of the United States and the 1950 census of
population-preliminary counts.
** Estimated by deducting twice the enumerated population under one year from the
enumerated population under 25 years.
4. Rheumatic heart disease plus other conditions contributory to the cause of death.
5. Other immediate causes of death plus rheumatic heart disease.
6. Rheumatic heart disease plus pregnancy where the death was due to the com-
bination of the two.
7. Immediate cause of death, cerebral embolism plus rheumatic heart disease where
the source of the embolus was the heart; no recent myocardial infarction.
8. Immediate cause of death, pulmonary embolism plus rheumatic heart disease
where the source of embolus was the heart; no recent myocardial infarction.
9. Immediate cause of death, embolism to other organs or areas plus rheumatic
heart disease where the source of the embolus was the heart; no recent myocardial
infarction.
* It is a pleasure to express appreciation to the Office of Vital Statistics of the City
of New Haven which made available the original death certificates. Particularly
helpful were Mr. John T. Coleman, Registrar, and Miss Anna V. Daly, Assistant
Registrar.
t The arbitrary division into the two age groups, 2 to 25 years, and 25 years and
older, was made because heart failure in these two age groups occurs for different
reasons; i.e., in the age group 2 to 25 years heart failure and death are usually due to
active rheumatic heart disease, while in the older age group (25 years and older)
heart failure is usually not due to active rheumatic heart disease.
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Addresses of the deceased at the time of death were obtained from the death
certificates and then located in one of the three major ecological areas established by
Sheps and Watkins and based on the work of Davie.
TABLE 2
NUMBER OF DEATHS IN EACH OF THE ECOLOGICAL STRATA
Year
1948
1947
1946
1945
1944
1943
1942
1941
1940
Total for (1940-1948)
1939
1938
1937
1936
1935
1934
1933
1932
1931
1930
Total for (1930-1939)
Stratum 1
2
6
2
13 Pop.*
7 34,592
4
7
10
2
(53) 18.2%
5
4
9
6
7
4
6
6
3
5
(55)-1
Pop.
34,427
13.5%
Stratum 2
12
6
4
4 Pop.
13 43,362
15
12
7
8
(53) 27.7%
17
9
7
8
6
10
9
10
4
15
(95) -4
Pop.
43,155
'3.5%
Stratum 3
91
10
19
17 Pop.
15 84,451
21
21
16
30
(158) -54.1%
191
30
22
29
23
29
18
28
29
28
(255)-6
Pop.
84,048
1929
1928
1927
1926
1925
1924
1923
1922
1921
1920
Total for (1920-1929)
Total (1920-1948)
51
81
2
4 Pop.
2 34,633
0
4
5
3
2
(35)-8-9%7
11
9
7 Pop.
8 43,413
12
8
8
8
11
(89)-22.8%
147
24
22
29 Pop.
32 84,551
36
23
25
31
31
(267)-68.3%
(143)-13.1% (265)-24.3% (680)-62.6%
* Pop. = population estimate for each stratum.
Crude annual age specific mortality rates in each of the three strata were calculated
in the usual manner for the age groups 2-25 years, and 25 years and older. In the
absence of exact population figures for each year, a graph was constructed showing
population trends for the two age groups (2-24, and 25 or more years). Estimates of
the population for the two age groups for each year were obtained from the graph and
used for calculating annual age specific rates. Population figures used in the construc-
tion of the graph and determination of rates are shown in Table 1.
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RESULTS
A total of 1,144 deaths due to rheumatic heart disease or one of its com-
plications occurred in the city of New Haven from 1920 to 1948. It was
possible to determine for 1,088 individuals the stratum in which they were
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FIG. 1. Age specific mortality rates from rheumatic heart disease (age group 2-24
years) in three different socio-economic areas within the city of New Haven 1920-1948.
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FIG. 2. Age specific mortality rates from rheumatic heart disease (age group 25
years and older) in the three different socio-economic areas within the city of New
Haven 1920-1948.
living at the time of death. Some death certificates did not have complete
information on addresses, and a few had illegible street addresses. In Table
2 is shown the number of deaths of individuals for each stratum by year from
1920 to 1940. The total number of deaths for three periods, 1920-1929,
1930-1939, and 1940-1948 are recorded along with the per cent of the total
number of deaths which occurred in each stratum for each of the three
periods 1920-1929, 1930-1939, and 1940-1948. Also shown are the average
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population figures of each stratum for each of the three periods. During
the years 1933 to 1935, 21.3% of the city's population lived in the best
stratum (area 1), 26.7%o in the middle stratum (area 2), and 52.0% in
the worst stratum (area 3), a ratio of roughly 1 :1 :2, respectively. Between
the years 1920-1948, 13.1% of the 1,088 deaths occurred in individuals
who had lived in the best stratum, 24.3%o in the middle stratum, and
62.6%fo in the worst. Throughout the 28-year period the populations in
the three strata were nearly constant in number, yet the percentage of
deaths in individuals living in the best areas (stratum 1) increased from
8.9% to 18.2%o, whereas the percentage of deaths occurring in the worst
areas decreased from 68.3%7o to 54.1%o.
The age specific mortality rates shown in Figures 1 and 2 indicate that
the rates were consistently higher in both age groups (2-24, and 25 and
older) in the blighted or slum area (major area 3) than in the middle
(major area 2) and best (major area 1) ecological areas. The rates in
the middle stratum were consistently higher than in the best areas. Age
specific death rates for the age group 2-24 years show a definite down-
ward trend, most marked in the poorest living area but also definite in
the middle area. It is difficult to see any downward trend in the best ecologi-
cal area because the number of deaths was too small, but it is noteworthy
that no deaths occurred in this area in the age group 2-24 years between
1936 and 1948.
In the age group 25 years and older there did not seem to be any definite
trend either up or down in death rates in either of the three ecological
areas unless the slight increase in rates in major area 1 (best ecological
area) could be called a trend upward.
DIscUSSION
The results indicate that the mortality rates due to rheumatic heart
disease in New Haven during the years 1920-1948 have been consistently
higher in the poorest living area than in the middle or best strata. These
findings are consistent with the concept that rheumatic fever rates are
usually highest in an environment where crowding is most prevalent, and
housing and economic status the lowest. It would seem that in New Haven,
continued residence in the poorest living areas after the onset of rheumatic
fever would carry a greater risk of mortality due to rheumatic heart dis-
ease than continued living in the two better ecological areas. Whether this
might be due to environmental conditions or the quality and quantity of
medical care, or a combination of the two, or to other less obvious reasons
remains to be investigated. The recent report of Knowleden' from England
and Wales noted a moderate degree of association between the death rate
due to rheumatic heart disease and the proportion of employed males
belonging to the lowest social classes. Our data also show that death rates
due to rheumatic heart disease in the age group 2-24 years are decreasing in
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each of the three ecological areas. The general decrease in mortality due
to rheumatic heart disease in New Haven confirms the observation of
others, both in this country and England, that rheumatic fever and rheu-
matic heart disease rates have been declining for 30 years or more 4' 10
although the only downward trend in this study group was in the age group
2-24 years, but not in the age group 25 years and older. These findings
have been described in more detail in a previous study7 which indicated that
in New Haven the death rates due to active rheumatic heart disease since
1920, i.e., deaths below the age of 25, are decreasing, but the death rates
due to rheumatic heart disease in age groups older than 25 have not
changed since 1920.
SUMMARY AND CONCLUSIONS
1. Mortality rates due to rheumatic heart disease in the city of New
Haven, Connecticut, from the year 1920 to 1948 inclusive have been related
to the three major ecological divisions of the city.
2. During the years covered by this study, there were consistently
higher death rates due to rheumatic heart disease in the poorest living
areas than the middle or best living zones.
3. A distinct trend was noted: namely, that mortality rates due to rheu-
matic heart disease in the age group 2-24 years appear to be decreasing in
both the poorest living area and in the middle ecological area.
4. No distinct changes in death rates due to rheumatic heart disease
could be seen in the age group 25 years or older in any of these ecological
areas.
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